Paraneurons are endocrine and sensory cells which share structural, functional and metabolic features with neurons. They produce substances identical with or related to neurotransmitters (including neuromodulators) or neurohormones. They also possess neurosecretion-like and/or synaptic vesicle-like granules. The paraneurons are receptosecretory in function: they recognize adequate stimuli with receptors on the receptive portion of the cell surface and release secretions through the secretory portion of the cell.
The main members of the paraneuron, most of which are the cells dealt with in this symposium, are as follows:
1. Gastro-enteric endocrine cells; bronchopulmonary paraneurons; urogenital paraneurons.
2. Peptide/amine producing endocrine cells, including parafollicular, parathyroid, adenohypophyseal and pancreatic endocrine cells.
3. Chromaffin cells of the adrenal medulla; carotid body chief cells which are also chromaffin in nature; SIF (small intensely fluorescent) cells in the sympathetic ganglia.
4. Gustatory cells of the taste bud.
Olfactory cells; receptor cells of the vomeronasal organ.
6. Merkel cells in the skin. 7. Hair cells of the inner ear and lateral line organ (fish); electroreceptor cells of the ampullary and tubular organs (fish).
8. Visual cells of the retina; pinealocytes.
Different types of paraneurons comprise a spectrum if one arranges them according to structural and functional similarities.
This paraneuron spectrum continues to that of the neurons, showing some cell types belonging to both spectra. These include olfactory cells, SIF cells, and chromaffin cells of the adrenal medulla and carotid body. Still other cells show structures and functions which are at the same time neuronal and paraneuronal.
Neurons and paraneurons are thus continuous and overlapping (FUJITA et al., 1988) .
Although our initially proposed criteria for paraneurons included the pronouncement that paraneurons are neuroectodermal in origin (FUJITA, 1976) , this was later deemed inappropriate because advances in experimental embryology, especially by LE DOUARIN (1982) revealed non-neuroectodermal origins for gastro-entero-pancreatic and some other paraneurons. The paraneurons are therefore of multiple origin (FUJITA and KOBAYASHI, 1979; FUJITA, 1980) . Some of them are neuroectodermal but many are simply ectodermal or entodermal. Even mesenchymal cells may be considered to be located on the outskirts of the paraneuron community (see below). The boundary of the paraneuron is vague. The melanocyte, for instance, is closely related to neurons in the sense that it is originated from the neural crest and produces the monoamine derivative, melanin. Its dendritic processes as well as the granules, melanosomes, are additional neuron-like features. We, how ever, prefer to exclude the melanocyte from paraneurons, because the cell does not seem to actively release its granules in response to adequate stimulus. Neither does it seem that melanin acts as a signal substance to a target cell.
The mast cell has occasionally been considered an "associate member" of the paraneuron. This is due to its receptosecretory nature and secretion of histamine and other amines, as well as ATP and other adenine nucleotides (for review see FUJITA et al., 1988) , though its production of VIP proposed by CUTZ et al. (1978) has not been confirmed by later authors. The fact that the early work injecting Ca2+ into the cell to cause secretion release was performed by the use of this cell has been taken into account (KANNo et al., 1973) . NGF has been demonstrated to increase rat mast cells in vivo (ALOE and LEvI-MONTALCINI, 1977) . In spite of the above-mentioned paraneuronal features of the mast cell, I was reluctant to include it as a "regular" or genuine member of the paraneuron, mainly due to its nature as a connective tissue element and its close relation to blood cells. The delusion in this context was complicated by disputes concerning the origin of the mast cell, until elegant transplantation study by KITAMURA et al. (1977 KITAMURA et al. ( , 1979 ) determined its derivation from the bone marrow. As far as its mesenchymal origin is concerned, the mast cell is clearly outside of the ordinary paraneurons which are usually epithelial in origin.
It seems now appropriate and timely to define paraneurons as being epithelial in nature. From their phylogenetic origin onward, paraneurons have been located in the epithelia in order to receive information from the external milieu, to transduce it into chemical messengers and to release them into the internal milieu. There are a number of paraneurons located sub-or extraepithelially, but they have originally been born in the epithelium and secondarily been evaginated or migrated to those sites, retaining their epithelial nature.
Even from previous stages of research, we excluded the mast cells from being fully qualified members of the paraneuron group, and stressed that it depends upon the consideration of the researcher whether he includes this cell into the paraneuron. To repeat: the boundary of the paraneuron family is unclear and cells there comprise a gradation in cell-biological features towards non-epithelial cells. This optionality and indecisiveness seem rather unwelcomed by some readers. Some reviewers of our monograph (FUJITA et al., 1988) accused us of classifying the mast cell as a paraneuron (PEARSE, 1988; LIEBERMAN, 1988) . These criticisms may be answered by certain sentences in the book itself (p. 12): "In the outskirts of paraneurons such untypical members like the mast cell and melanocyte are located. More peripherally follows the megakaryocyte-platelet system secreting monoamines and adenine nucleotides.... Where to draw the line limiting a group of cells is always arbitrary."
What is important in this context is not whether to call the mast cell a paraneuron or not, but to acknowledge that the cell, in spite of its mesenchymal origin, expresses paraneuron-like features and, due to its easy isolation from murine ascites, has served and is serving towoard cell-biological investigations, including the cell's amine handling mechanism, stimulus-secretion coupling and receptor research, all potentially applicable to neurons and paraneurons.
ECTOPIC EXPRESSION OF PARANEURONAL FEATURES
The production of peptide/amine messengers has been recognized in some cells which can be regarded as significantly different in nature from the paraneurons.
The atrial muscle cells producing cardiodilatin (FORSSMANN et al., 1983) or ANP, atrial natriuretic peptides KANGAWA an ATSUO, 1984) , are most important both in the amount of the cells and their product and in functional siginificance (for details see FORSMANN et al., in this volume) . There then follow the murine salivary gland, especially its granular ducts, producing NGF (nerve growth factor), EGF (epidermal growth factor), renin, angiotensin, neurotensin and many other bioactive peptides (for reviews see BARKA, 1980; MURPHY et al., 1980) , and frog cutaneous exocrine cells producing different bioactive peptides such as caerulein, bombesin, tachykinin and sauvagine as reviewed by ERSPAMER (1983) , an explorer in this field (see RENDA et al., in this volume) .
It is noteworthy that ANP-and cardiodilatin-like immunoreactivities have been identified in neurons of a ganglion in the snail (NEHLS et al., 1985) in some neurons in the central and peripheral nervous system of various mammals (FORSSMANN and MUTT, 1985; KAWATA et al., 1985) , as well as in adrenomedullary cells and in SIF cells of sympathetic ganglia in the rat (INAGAKI et al., 1986) . The research group of MATSUO revealed the occurrence of BNP (brain natriuretic polypeptide), which is closely related but different in amino acid sequence from ANP, in the brain (SUDOH et al., 1988) and, though in much smaller amounts, in the atrial muscle cells (see FORSSMANN et al., this volume) . As to the peptides in the frog skin, the same or quite similar molecules have been known to be shared by neurons in the nervous tissue and/or endocrine cells (paraneurons) in the gut epithelium (for review see RENDA et al., this volume) .
In addition to mast cells and basophil leukocytes, bioactive monoamines are also produced by blood platelets which contain large amounts of serotonin. The exocrine cells in the frog skin also contain serotonin in the identical granules as those possessing bombesin or other peptides. In Summary, muscular, exocrine-glandular and blood cells may produce bioactive peptides and/or amines identical with those produced by neurons and paraneurons.
Theoretically, every cell of the body may have the potentiality to produce those substances with the genes they share, but in reality the genes are expressed predominantly in a specific cell Fig. 1 . Spectrum of neurons (left) and paraneurons (right) continuous and overlapping with each other. 1 Enteric intramural neuron, which represents the prototype of neurons-"archineuron"; 2 multipolar autonomic neuron; 3 sensory neuron; 4 pyramidal neuron; 5 Purkinje cell; 6 "neurosecretory" or "peptidergic" neuron; 7 CSF-contacting neuron; 8 olfactory cell; 9 gut endocrine cell, which represents the prototype of paraneurons group of neurons and paraneurons, and, ectopically, only in several cell types outside the group.
It seems now appropriate to consider the secretions of neurons and paraneurons and to compare them with those of the ectopic amine/peptide producing cells.
SECRETIONS OF NEURONS AND PARA-NEURONS
Neurons and paraneurons produce and release several categories of substances. These include: 1) fragments of prepropeptides, some of which are bioactive messengers; 2) amines or other "classic" messengers; 3) ATP and other adenine nucleotides; 4) chromogranins and other acidic carrier proteins; 5) proteinprocessing and amine-converting enzymes; 6) glycosaminoglycans; 7) lipids; and 8) calcium and other ions. As detailed accounts of these substances have been given elsewhere (FUJITA et al., 1988) , we will here concentrate on the items 3, adenine nucleotides and 4, chromogranins.
ATP and other adenine nucleotides are contained in the secretory granules of every paraneuron as well as the larger and smaller granules/vesicles of every neuron, as a light microscopic quinacrine reaction, electron-microscopic uranaffin reaction and biochemical analysis of isolated granules indicate (BURN-STOCK, 1972; RIBEIRO, 1978; BOCK, 1980; IIJIMA and HASEGAWA, 1985 ; for review see FUJITA et al., 1988 ; PAYNE, this volume). These adenine nucleotides are believed to exert significant, though not precisely known, biological effects after being released by exocytosis (KURODA, 1978; see PAYNE in this volume) .
Acidic carrier proteins reacting metachromatically in toluidine blue and other basic dyes have been recognized first in pancreatic islet cells (SOLCIA and SAMPIETRO, 1965; FUJITA and TAKAYA, 1968) and later proposed by us to occur universally in endocrine cells now categorized as paraneurons (FUJITA and KOBAYASHI, 1973) . These acidic carrier proteins correspond to chromogranins, which were first obtained from the secretory granules of adrenal chromaffin cells (BLASCHKO et al., 1967; SCHNEIDER et al., 1967; WINKLER, 1976) and recently recognized to be contained in the granules of a large variety of paraneurons (O'CONNOR et al., 1983; LLOYD and WILSON, 1983) .
Chromogranins are at present known to comprise slightly different molecules: chromogranins A, B and C. Chemical studies, on the other hand, have revealed that the acidic protein obtained from parathyroid granules, called secretory protein I (SP-1) or parathyroid secretory protein (PSP), closely resembles chromogranin A in molecular structure, while secretogranins I and II extracted from rat pheochromocytoma correspond to chromogranins B and C, respectively (for details see WINKLER et al., 1986; ELDEN et al., 1987) .
CHROMOGRANINS AS PARANEURON MARKERS
It would make for clearcut identification of paraneurons if chromogranins and/or related proteins would be demonstrable in every paraneuron. The present available data do not satisfy this expectation.
The immunoreactivities for chromogranins occur heterogeneously even in one and the same paraneuronal tissue. In the adenohypophysis (RINDI et al., 1986; RUNDLE et al., 1986 ) and pancreatic islets (GRUBS et al., 1986 (GRUBS et al., , 1989 EHRHART et al., 1986) , for instance, only part of the paraneuronal cells reveal a positive immunoreactivity, some only weakly reacting and others being negative. The population and types of the immunopositive cells vary according to species, and if one examines a given cell type in a variety of animal species with an antiserum against chromogranin A (which is the type distributed most extensively among the three chromogranins), one will find a positive reaction in some of the species.
The heterogeneous chromogranin immunopositivity in paraneurons may be ascribed either to differences in chromogranin molecules among species and cell types or to the antigenic site on an chromogranin molecule being masked by other granule components (GRUBS et al., 1986; FUJITA et al., 1988) . At any rate, a positive immunoreactivity of a given paraneuron in whatever animal must be taken as the paraneuronal marker of the cell type concerned.
In fact, the cell types immunoreactive for chromogranins are increasing with examinations in various materials. The Merkel cell as a representative sensory paraneuron has been successfully immunostained in the pig snout (Fig. 2, see also HARTSCHUH et al., this volume) We examined the cells ectopically secreting amine/ peptide messengers, including the atrial muscle cells, frog cutaneous glands and granulated ducts of murine submandibular gland, and found that their granules were all immunonegative for chromogranins. Neurons generally do not immunoreact for chromogranins. We, however, recognized a clear immunoreactivity in the intramural neurons of the pig, especially intense in their beaded fibers (Fig. 2) . This may possibly reflect the fact that the neurons in the gut wall represent a primitive type, sharing some features with paraneurons (FUJITA et al., 1988) . As for neurons of other types, they probably possess acidic carrier proteins of more or less different molecular structure, so that available chromogranin antibodies can not demonstrate them. It is important in this context to remember that neurophysins have long been known as acidic carrier proteins of granules as well, in magnocellular neurosecretory cells of the hypothalamus.
NEURON-SPECIFIC PROTEINS AS PARA-NEURON MARKERS
The cytosol of paraneurons may contain proteins which have been isolated from the brain and believed, until recently, to be specific for neurons. These neuron-specific proteins include neuron-specific enolase (NSE), neurofilament protein (NFP), neuronal tubulin, and spot-35 or Purkinje cell specific protein.
The distribution of these proteins in different types of paraneurons will be dealt with by IWANAGA and FUJITA in this volume. Here, it shall only be pointed out that our examinations using various mammals have shown that none of the above-mentioned substances seem to be contained in the atrial muscle cell or other "ectopically" amine/peptide producing cells.
PHYLOGENY OF NEURONS AND PARA-NEURONS
Recent electron-microscopic and immunocytochemical studies have indicated that intraepithelial bipolar paraneurons as well as multipolar neurons occur in hydra, the most primitive coelenterate (WESTFALL and KINNAMON, 1978; GRIMMELIKHUIJZEN, this volume) and that both types of cells are widely distributed in metazoa of the protostomian as well as deuterostomian series (for review see FUJITA et al., 1988) . For this reason the open type basal-granulated cells in the gut epithelium retained in vertebrates deserve the name of archiparaneurons, while the multipolar intramural neurons which actually are characterized by different primitive features may be called archineurons. The gut is regulated by these neurons and paraneurons which have changed their structure, function and messenger substances only slightly through the 500,000,000 years of metazoan evolution (for review see FUJITA et al., 1988) . The heart is the center of a new endocrine, paracrine, and neuroendocrine system. Arch. Histol. Cytol. 52, Suppl.: 293-315 (1989) . FUJITA, T.: The gastro-enteric endocrine cell and its paraneuronic nature. In: (ed. by) R. E. COUPLAND and T. FUJITA: Chromaffin, enterochromaffin and related cells. Elsevier Scientific Publ. Co., Amsterdam-Oxford-New York, 1976 (p. 204-208) .
